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(67)  The presentinvention relates to a transmitter (1)
and a receiver (6) for transmitting and receiving data via
a power supply line (4). The transmitter (1) and the re-
ceiver (6) comprise a local signal port (2, 7) for respec-
tively receiving and transmitting a serial bit stream and
a power line connection port (3, 8) for respectively trans-
mitting a radio frequency signal and receiving the radio
frequency signal via the power supply line (4). The trans-
mitter (1) comprises a modulator unit (5) adapted for en-
coding the serial bit stream into a baseband signal and

generating the radio frequency signal by mixing the base-
band signal with a carrier wave so as to redundantly con-
vey the atleast one baseband signal in at least four spec-
tral sidebands of the carrier wave. The receiver (6) com-
prises a demodulator unit (9) adapted for detecting the
at least four spectral sidebands of the carrier wave in the
radio frequency signal, isolating a baseband signal from
the at least four spectral sidebands and decoding the
baseband signal into the serial bit stream.
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Description
Field of the invention

[0001] The present invention relates to the field of data transmission networks. More specifically it relates to a trans-
mitter, a receiver and a method for data communication over a power supply line, e.g. an automotive power supply line.

Background of the invention

[0002] The invention relates to data transfer, such as Local Interconnect Network (LIN) data communication, via a
power supply line, e.g. an automotive power supply backbone. For example, LIN may be advantageously combined with
a Power Line Communication (PLC) modem in order to avoid the need for additional signaling wires, e.g. a PLC approach
may enable existing power cables to provide the physical layer for standard automotive communication protocols, or
may act as a low-cost backup physical layer to critical communication lines.

[0003] While data transfer over household power distribution lines is also known in the art, higher requirements on
the robustness, e.g. in terms of Quality of Service, exist in automotive environments than in domestic use. For example,
if an end user turns on a power tool or other heavy inductive loads connected to the power network, e.g. in an adjacent
room, it may not be uncommon for a powerline local area network (LAN) to temporarily loose connection or at least drop
some data packages. While this may be considered as a normal result of the spike in power use, or at least not as
unexpected under these conditions, in a vehicle, e.g. a car, a data connection failure, even temporarily, could have
severe consequences. For example, vehicle safety could be compromised. Furthermore, even if an automotive data
communication error is not directly a risk to vehicle safety, from a user point of view it would be seen as very unpleasant,
if, for example, a window lifter would not be operational in case the wipers are active.

[0004] Furthermore, an automotive powerline net may typically be a low voltage direct current net, e.g. a 12V DC net,
while domestic power distribution may typically relate to higher voltages and alternating current, e.g. 230V AC as common
in Europe. The automotive power supply is routed in parallel to many other signal lines, e.g. real-time buses such as a
CAN bus, a LIN bus, an Ethernet network and/or others. The automotive harness in its complexity may thus relate to a
more dense and noisy environment than a domestic power grid. This implies also that an automotive supply can have
huge fluctuations in its transfer function, e.g. in its frequency response.

[0005] International patent application WO 2009/036834 discloses a related method for data communication in a
vehicle which takes place exclusively by means of a supply line structure. A transceiver transmits bits via the supply line
structure, and all higher tasks defined in the open systems interconnection (OSI) reference model of the International
Organization for Standardization are performed by a microprocessor or microcontroller. For example, LIN or controller
area network (CAN) data may be encapsulated via the OSI layer model and transmitted over the power line.

Summary of the invention

[0006] It is an object of embodiments of the present invention to provide simple and robust data transfer via a power
supply line, e.g. via an automotive power supply line in a vehicle.

[0007] Theabove objectiveisaccomplished by amethod and device according to embodiments of the presentinvention.
[0008] It is an advantage of embodiments of the present invention that robust data communication can be achieved
over an automotive power line, e.g. over a low voltage direct current net used in vehicles, such as a 12 V DC net. For
example, connection loss or data packet loss may be avoided in the dense and noisy environment of an automotive
power supply network. It is an advantage of embodiments that reliable data communication can be achieved over an
automotive power supply that may be subject to large fluctuations in its transfer function, e.g. by distributing the transmitted
data over a relatively large bandwidth relative to the bandwidth of the communication signal itself.

[0009] In a first aspect, the present invention relates to a transmitter for transmitting data over an automotive power
supply line. The transmitter comprises a local signal port for receiving a serial bit stream, a power line connection port
for transmitting a radio frequency signal over a power supply line, and a modulator unit for emitting the radio frequency
signal. The modulator unit is adapted for encoding the serial bit stream into a baseband signal and generating the radio
frequency signal by mixing the baseband signal with a carrier wave so as to redundantly convey the baseband signal
in at least four spectral sidebands of the carrier wave.

[0010] Inembodiments of the present invention, the local signal port may be adapted for receiving the serial bit stream
from an automotive sensor, an automotive actuator or an automotive high-level controller. The power line connection
port may furthermore be adapted for transmitting the radio frequency signal over an automotive power supply line.
[0011] In embodiments of the present invention, the local signal port may comprise a local interconnect network bus
connection for connecting to at least one local LIN-compatible device.

[0012] Inembodiments of the present invention, the modulator unit may furthermore be adapted for encoding the serial
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bit stream using for example AM, FM, QPSK, FSK, MSK, ASK or similar techniques, or a combination of such techniques.
[0013] In embodiments of the present invention, the modulator unit may be adapted for generating the carrier wave,
in which the carrier wave has a predetermined frequency in the range of 22 MHz to 30 MHz.

[0014] In embodiments of the present invention, the modulator unit may furthermore be adapted for generating the
radio frequency signal such that the frequency spectrum of each of the at least four spectral sidebands is separated by
at least 1 MHz from the frequency spectra of each other spectral sideband of the at least four spectral sidebands.
[0015] In embodiments of the present invention, the modulator unit may be adapted for shifting the baseband signal
conveyed in at least one of said at least four spectral sidebands over a predetermined time delay relative to the baseband
signal conveyed in at least one other of said at least four spectral sidebands.

[0016] In embodiments of the present invention, the local signal port may be adapted for receiving at least two serial
bit streams, and the modulator unit may be adapted for encoding each of the at least two serial bit streams into a
corresponding baseband signal.

[0017] In embodiments of the present invention, the modulator unit may comprise at least one digital mixing stage for
frequency shifting and combining the base band signals corresponding to the at least two serial bit streams.

[0018] A transmitter according to embodiments of the present invention may further comprise a configuration unit for
configuring the redundancy level provided by the transmitter so as to selectively route at least one of the at least two
serial bit streams to at least one of the at least four spectral sidebands of the carrier wave.

[0019] The present invention further relates to a receiver for receiving data transmitted over an automotive power
supply line. The receiver comprises a local signal port for transmitting a serial bit stream, a power line connection port
for receiving a radio frequency signal conducted over a power supply line, and a demodulator unit for processing the
radio frequency signal. The demodulator unit is adapted for detecting at least four spectral sidebands of a carrier wave
in the radio frequency signal, isolating a baseband signal from the at least four spectral sidebands of the carrier wave
redundantly conveying the baseband signal, and decoding the baseband signal into the serial bit stream.

[0020] In a receiver according to embodiments of the present invention, the demodulator unit may be adapted for
shifting the baseband signal isolated from at least one of said at least four spectral sidebands over a predetermined
time delay relative to the baseband signal isolated from at least one other of said at least four spectral sidebands.
[0021] In a further aspect, the present invention also relates to a modem for transmitting and receiving data over a
power supply line. The modem comprises a transmitter according to embodiments of the present invention and a receiver
according to embodiments of the present invention.

[0022] In a further aspect, the present invention also relates to a method for transferring data over an automotive
power supply line. The method comprises encoding an input serial bit stream into a baseband signal, generating a radio
frequency signal by mixing the baseband signal with a carrier wave so as to redundantly convey the at least one baseband
signal in at least four spectral sidebands of the carrier wave and transmitting the radio frequency signal over a power
supply line. The method also comprises receiving the radio frequency signal conducted over the power supply line,
detecting the at least four spectral sidebands of the carrier wave in the radio frequency signal, isolating the baseband
signal from the at least four spectral sidebands of the carrier wave, and decoding the baseband signal into an output
serial bit stream.

[0023] A method according to embodiments of the present invention may comprise transferring data corresponding
to a plurality of logical LIN buses isolated in different carrier frequency components transmitted over the power supply line.
[0024] In a method according to embodiments of the present invention, encoding the input serial bit stream may
comprise encoding a LIN-compatible data stream.

[0025] In a method according to embodiments of the present invention, decoding the baseband signal into an output
serial bit stream may comprise decoding the baseband signal into a LIN-compatible data stream.

[0026] In a method according to embodiments of the present invention, encoding of the input serial bit stream and
decoding of the baseband signal into the output serial bit stream may comprise respectively encoding and decoding
using for example AM, FM, QPSK, FSK, MSK or similar techniques, or a combination of such techniques.

[0027] In a method according to embodiments of the present invention, the generating of the radio frequency signal
and the detecting at least four spectral sidebands of the carrier wave may comprise respectively generating and detecting
the atleast four spectral sidebands of the carrier wave having a predetermined frequency in the range of 22 MHz to 30 MHz.
[0028] Particular and preferred aspects of the invention are set out in the accompanying independent and dependent
claims. Features from the dependent claims may be combined with features of the independent claims and with features
of other dependent claims as appropriate and not merely as explicitly set out in the claims.

[0029] These and other aspects of the invention will be apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter.

Brief description of the drawings

[0030]
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FIG. 1 illustrates a transmitter and a receiver according to embodiments of the present invention.

FIG. 2 illustrates a prior-art system for LIN communication.

FIG. 3 illustrates a network architecture in accordance with embodiments of the present invention.

FIG. 4 shows the emission requirements related to electro-magnetic compatibility for a power net of a car for
illustrating aspects of the present invention.

FIG. 5 shows an exemplary radio-frequency channel layout for use in embodiments of the present invention.

FIG. 6 shows an exemplary three-stage approach for synthesizing transmission sidebands in accordance with
embodiments of the present invention.

FIG. 7 shows a transmitter according to an exemplary embodiment of the present invention.

FIG. 8 shows a transmitter according to another exemplary embodiment of the present invention.

FIG. 9 shows a transmitter according to embodiments of the present invention which can be configured to transmit
a pair of channels which still have one redundant channel each.

FIG. 10 shows a transmitter according to embodiments of the present invention which can be configured to transmit
four independent channels, while still allowing an alternative configuration for redundant data transmission.

FIG. 11 shows a receiver according to an exemplary embodiment of the present invention.

FIG. 12 schematically illustrates a method according to embodiments of the present invention.

FIG. 13 illustrates embodiments of the present invention in which a predetermined relative time delay is applied
between redundant signal copies.

[0031] In the different drawings, the same reference signs refer to the same or analogous elements. Any reference
signs in the claims shall not be construed as limiting the scope.

Detailed description of illustrative embodiments

[0032] The present invention will be described with respect to particular embodiments and with reference to certain
drawings but the invention is not limited thereto but only by the claims. The drawings described are only schematic and
are non-limiting. In the drawings, the size of some of the elements may be exaggerated and not drawn on scale for
illustrative purposes. The dimensions and the relative dimensions do not correspond to actual reductions to practice of
the invention.

[0033] Furthermore, the terms first, second and the like in the description and in the claims, are used for distinguishing
between similar elements and not necessarily for describing a sequence, either temporally, spatially, in ranking or in
any other manner. It is to be understood that the terms so used are interchangeable under appropriate circumstances
and that the embodiments of the invention described herein are capable of operation in other sequences than described
or illustrated herein.

[0034] Moreover, the terms top, under and the like in the description and the claims are used for descriptive purposes
and not necessarily for describing relative positions. It is to be understood that the terms so used are interchangeable
under appropriate circumstances and that the embodiments of the invention described herein are capable of operation
in other orientations than described or illustrated herein.

[0035] Itis to be noticed that the term "comprising”, used in the claims, should not be interpreted as being restricted
to the means listed thereafter; it does not exclude other elements or steps. It is thus to be interpreted as specifying the
presence of the stated features, integers, steps or components as referred to, but does not preclude the presence or
addition of one or more other features, integers, steps or components, or groups thereof. Thus, the scope of the expression
"a device comprising means A and B" should not be limited to devices consisting only of components A and B. It means
that with respect to the present invention, the only relevant components of the device are A and B.

[0036] Reference throughout this specification to "one embodiment” or "an embodiment" means that a particular
feature, structure or characteristic described in connection with the embodiment is included in at least one embodiment
of the presentinvention. Thus, appearances of the phrases "in one embodiment” or "in an embodiment" in various places
throughout this specification are not necessarily all referring to the same embodiment, but may. Furthermore, the particular
features, structures or characteristics may be combined in any suitable manner, as would be apparent to one of ordinary
skill in the art from this disclosure, in one or more embodiments.

[0037] Similarly it should be appreciated that in the description of exemplary embodiments of the invention, various
features of the invention are sometimes grouped together in a single embodiment, figure, or description thereof for the
purpose of streamlining the disclosure and aiding in the understanding of one or more of the various inventive aspects.
This method of disclosure, however, is not to be interpreted as reflecting an intention that the claimed invention requires
more features than are expressly recited in each claim. Rather, as the following claims reflect, inventive aspects lie in
less than all features of a single foregoing disclosed embodiment. Thus, the claims following the detailed description
are hereby expressly incorporated into this detailed description, with each claim standing on its own as a separate
embodiment of this invention.
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[0038] Furthermore, while some embodiments described herein include some but not other features included in other
embodiments, combinations of features of different embodiments are meant to be within the scope of the invention, and
form different embodiments, as would be understood by those in the art. For example, in the following claims, any of
the claimed embodiments can be used in any combination.

[0039] In the description provided herein, numerous specific details are set forth. However, it is understood that
embodiments of the invention may be practiced without these specific details. In other instances, well-known methods,
structures and techniques have not been shown in detail in order not to obscure an understanding of this description.
[0040] The present invention relates to data transfer, e.g. Local Interconnect Network (LIN) data transfer, via a power
supply line, e.g. an automotive power supply backbone, using a power line communication (PLC) method. Thus, the
need for additional signaling wires may be advantageously avoided. Furthermore, embodiments of the present invention
may advantageously provide robust and redundant data transmission, which can be compliant with electromagnetic
compatibility (EMC) requirements in automotive applications. Particularly, the synthesis of redundant communication
channels which are spread over a wide frequency range in accordance with embodiments of the present invention can
efficiently improve the robustness against electromagnetic interference. Digital sampling and synthesis techniques can
be used in accordance with embodiments of the present invention to provide such redundant communication channels
in a simple and efficient manner. Furthermore, multiple independent communication buses, e.g. multiple independent
asynchronous LIN buses, or heterogeneous communication models, e.g. both LIN and CAN communication packets,
can advantageously share frequency bands on a same wire harness, e.g. the power supply line. The level of redundancy
and the number of independent channels can be easily reconfigured depending on the requirements using the same
hardware in accordance with embodiments of the present invention.

[0041] In a first aspect, the present invention relates to a transmitter for transmitting data over a power supply line.
The transmitter comprises a local signal port for receiving a serial bit stream, a power line connection port for transmitting
a radio frequency signal over a power supply line and a modulator unit for emitting the radio frequency signal. The
modulator unit is adapted for encoding the serial bit stream into a baseband signal and generating the radio frequency
signal by mixing the baseband signal with a carrier wave so as to redundantly convey the baseband signal in at least
four spectral sidebands of the carrier wave. Furthermore, the present invention also relates to a receiver for receiving
data transmitted over the power supply line. The receiver comprises a local signal port for transmitting a serial bit stream,
a power line connection port for receiving the radio frequency signal conducted over the power supply line and a de-
modulator unit for processing the radio frequency signal. The demodulator unit is adapted for detecting at least four
spectral sidebands of a carrier wave in the radio frequency signal, isolating a baseband signal from the at least four
spectral sidebands of the carrier wave redundantly conveying the baseband signal and decoding the baseband signal
into the serial bit stream. Furthermore, the present invention also relates to a modem for transmitting and receiving data
over the power supply line, e.g. comprising a transmitter according to embodiments of the present invention fortransmitting
data overthe power supply and areceiver according to embodiments of the presentinvention for receiving data transmitted
over the power supply line. For example, a Local Interconnect Network (LIN) may be provided by a modem according
to the present invention locally connected to each LIN node, thus using the modem for data transfer over an automotive
power supply backbone as the physical layer.

[0042] Referring to FIG. 1, a transmitter 1 for transmitting data over a power supply line 4 and a receiver 6 for receiving
data transmitted over the power supply line 4 according to embodiments of the present invention are illustrated. The
transmitter 1 and the receiver 6 are functionally interrelated, e.g. the transmitter and receiver are apparatuses that
complement each other and may work together. For example, the transmitter and receiver may be combined into a
modem for bidirectional communication.

[0043] The transmitter 1 comprises a local signal port 2 for receiving a serial bit stream. For example, the serial bit
stream may conform to the LIN standard, which for example may provide a cost effective hardware solution for low level
data exchange between different components in cars. The transmitter 1 also comprises a power line connection port 3
for transmitting a radio frequency signal over a power supply line 4. The local signal port 2 may be adapted for receiving
a serial bit stream from an automotive sensor, actuator or high-level controller. The power line connection port 3 may
be adapted for transmitting a radio frequency signal over an automotive power supply line 4

[0044] The local signal port 2 may thus comprise a LIN-bus connection for connecting to at least one local LIN-
compatible device, e.g. a window lifter, an interior light source controller, a water, fuel or oil pump, a heater and/or air
conditioner blower, an engine cooling fan or a higher level system. While in a conventional LIN bus system such devices
may be interconnected via three wires, e.g. a power supply wire, a ground wire and a signal wire, in embodiments
according to the present invention, such connections need only be present to convey the signal to the local transmitter
or receiver. Furthermore, the transmitter 1 can be integrated with a device providing the serial bit stream, e.g. can be
packaged together with the device in a compact housing or the transmitter 1 and the device may be implemented on a
single printed circuit board or in an integrated circuit.

[0045] Therefore, a complex wiring network, possibly comprising wires for a plurality of independent LIN buses, can
be avoided by embodiments of the present invention. A system as may be known in the art for LIN communication is
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illustrated in FIG. 2, comprising a complex wiring network interconnected via a power supply wire VS, a ground wire
GND, and a signal line LIN Bus 1, Lin Bus 2 per LIN controller Master 1, Master 2. Compared thereto, FIG. 3 illustrates
a network architecture in accordance with embodiments of the present invention, equivalent to the conventional layout
shown in FIG. 2. Costs, raw materials and weight can be reduced with respect to the conventional layout by removing
the LIN wires and interconnects and by modulating the LIN protocol on the supply line using transmitters and receivers
Mod/Demod in accordance with embodiments of the present invention. The existing power bus can be efficiently used
as the physical media for the data exchange, thus providing a less complex wire harness system, which in automotive
applications may reduce the weight of a vehicle and therefore may also reduce carbon dioxide emissions.

[0046] Where in the conventional layout shown in FIG. 2, different LIN buses are isolated by using mutually isolated
LIN signal wires LIN Bus 1, LIN Bus 2, in embodiments of the present invention, different logical LIN buses, and thus
also the LIN master devices of these LIN buses, may be interconnected via a shared power supply line. While it is not
allowed to have several LIN masters on one LIN network according to the LIN protocol specification, the present invention
can provide means and methods for encapsulating the LIN bus communication in radio frequency communication over
a shared transmission medium. Furthermore, an easy implementation on system level, redundancy against disturbances
and compliance towards existing radio communication standards and electromagnetic impurity can be achieved in
addition to the efficient handling, interconnection and separation of several LIN buses in an automotive environment.
[0047] The transmitter 1 also comprises a modulator unit 5 for emitting the radio frequency signal. The modulator unit
5 is adapted for encoding the serial bit stream, e.g. the serial bit stream received via the local signal port 2, into a
baseband signal.

[0048] The modulator unit 5 may implement a simple analog modulation technique, such as amplitude modulation
(AM), frequency modulation (FM) or phase modulation (PM). In AM, the instantaneous value of the amplitude of a carrier
signal is varied in proportion to the amplitude variations of the serial bit stream signal (modulating signal). In FM, the
amplitude of the carrier is kept constant while its frequency is varied in accordance with the amplitude variations of the
serial bit stream signal. However, the modulator unit 5 may also implement a digital modulation technique, such as
amplitude shift keying (ASK), frequency shift keying (FSK), minimum shift keying (MSK), or more complex techniques
like quadrature phase shift keying (QPSK), or quadrature amplitude modulation (QAM), all known per se by a person
skilled in the art. Although amplitude and phase can be modulated simultaneously, it may be advantageous to separate
the signal into two orthogonal components, an in-phase component | and a quadrature component Q. In an I/Q modulator,
the | and Q signals are mixed with a shared local oscillator (LO), while a 90 degree phase shifter is placed in one of the
local oscillator paths and summed to a composite output signal. The modulator unit 5 may thus be adapted for encoding
the serial bit stream using AM, FM, QPSK, MSK, FSK, ASK or combinations of such techniques. In a particular embod-
iment, the modulator unit 5 may be adapted for encoding the serial bit stream using minimum-shift keying (MSK). MSK
is a type of continuous-phase frequency-shift keying thatis encoded with bits alternating between quadrature components,
with the Q component delayed by half the symbol period. Each bit is encoded as a half sinusoid, resulting in a constant-
modulus signal, which advantageously reduces the effects of non-linear distortion. Furthermore, the difference between
the higher and lower frequency is equal to half the bit rate, such that a low modulation index of 0.5 can be achieved
while preserving orthogonality of the 0 and 1 waveforms. For example, the modulator unit 5 may be adapted for encoding
the serial bit stream using minimum-shift keying into a baseband signal having a bandwidth of 100 kHz or lower, for
example into a 30 kHz baseband signal for a 20 kbps serial bit stream signal. Thus, for a 30 kHz signal, a sufficient
margin for frequency tolerances of 70 kHz may be maintained while only requiring a small 100 kHz band separation.
[0049] Embodiments of the present invention may advantageously provide a high information capacity, a good data
security, a good quality communication, and/or a good system availability. The modulation may also take the available
bandwidth, power requirements, and inherent noise levels of the transmission system into account. Digital modulation
schemes may for example have a larger capacity to convey large amounts of data than analog modulation schemes.
Although a fundamental trade-off may exist in digital modulation technology between simple hardware designs using a
relative large spectral bandwidth and complex hardware designs using a smaller spectral bandwidth for transmitting the
same amount of data, embodiments of the present invention may comprise a relatively simple modulator unit while still
allowing robust data communication over a noisy power line.

[0050] The modulator unit 5 is also adapted for generating the radio frequency signal, e.g. the radio frequency signal
for transmitting over the power supply line 4 via the power line connection port 3, by mixing the baseband signal with a
carrier wave so as to redundantly convey the at least one baseband signal in at least four spectral sidebands of the
carrier wave, e.g. in four spectral sidebands of the carrier wave. The modulator unit 5 may be adapted for generating
the carrier wave having a predetermined frequency f| o4 in the range of 22 MHz to 30 MHz, for example preferably in
the range of 24 MHz to 28 MHz, or even more preferred in the range of 25 MHz to 27 MHz. The modulator unit 5 may
comprise a local oscillator, e.g. an electronic oscillator, such as a crystal oscillator, for generating the carrier wave for
converting the baseband signal to a different frequency spectrum, e.g. the at least four spectral sidebands of the carrier
wave. The local oscillator may be adapted to oscillate at this predetermined frequency in the range of 22 MHz to 30 MHz.
[0051] The modulator unit 5 may have a configurable carrier wave frequency f| o4 selectable from a set of frequencies,
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e.g. the sethaving a lowest frequency of 25.4 MHz and comprising 0.1 MHz increments up to 26.8 MHz. This configuration
may comprise replacing the local oscillator, e.g. a crystal oscillator, by a local oscillator of the desired frequency. Thus,
a plurality of independent channels can be transmitted over the same physical medium, e.g. the power supply line.
Although the carrier wave frequencies can be relatively densely spaced, e.g. may be separated by only 0.1 MHz from
an adjacent spectral band of another channel corresponding to a different frequency from the set of frequencies, the at
least four spectral sidebands of a single carrier wave of may be spaced relatively far from each other, e.g.by at least 4.5
MHz, in order to provide a good signal redundancy.

[0052] For example, the data transmission may take place over an existing power bus system of a car, e.g. without
requiring substantial redesign of the power bus system. In such system, the transmitted frequency spectrum may be
constrained in the 22 MHz to 30 MHz range to make good use of the available frequency range and the allowed power
level. Furthermore, this range is selected advantageously in the light of spurious emissions in such systems. For example,
interfere with existing bands used by other car applications such as FM radio, e.g. between 87.5 MHz and 108 MHz,
may be avoided.

[0053] Forexample, EMC emission requirements in an automotive system for the 2 MHz to 30 MHz range are illustrated
in FIG. 4. In order to obtain compliance related to electromagnetic compatibility (EMC) requirements, the emission
requirements for the power net of a car shown in FIG. 4 demonstrate that a reasonable frequency range for the com-
munication over the power net may be found from 10 MHz to 30 MHz. As can be seen in FIG. 4, below 10 MHz, only a
few narrow ranges may be suitable for transmission over the power net. In the range of 10 MHz to 30 MHz, several sub-
bands are used for short wave broadcasting, e.g. which are preferably not disturbed. Thus, a good range for the com-
munication may be between 22 and 30 MHz, which is only interrupted by the 11m band. The 22 MHz to 30 MHz band
thus offers a wide range in which relatively few interference may be found. Nevertheless, other frequency bands may
also be suitable for use in embodiments of the present invention.

[0054] The serial bit stream may not be provided in accordance with a complex error detection and/or correction
protocol. For example, LIN communication is UART based and does not include error detection or correction. Therefore,
embodiments of the presentinvention advantageously provide dataredundancy to preserve the link quality in the presence
of in-band interference and notches in the transfer characteristic of the power supply line. This is achieved by spreading
the signal energy over a wide bandwidth. In embodiments of the present invention, the modulator unit 5 is adapted for
mixing the baseband signal with a carrier wave so as to redundantly convey the at least one baseband signal in at least
four spectral sidebands of the carrier wave. Thus, the signal energy may be spread over a wide bandwidth by using
multiple channels in parallel. Although the signal energy could be spread by other methods, e.g. by DSSS or FHSS,
such modern signal spreading approaches come at a high cost. For example, the effort to equip the existing UART
signalling scheme of the LIN communication with DSSS or FHSS may be substantial.

[0055] For example, the available range between 22 MHz and 30 MHz may be divided into a lower and an upper band
around the 11m short wave band. Each sub-band may thus for example contain up to 30 channels of 100 kHz bandwidth,
which may provide an ample margin for a MSK modulated baseband signal of 30 kHz for a 20 kbps serial bit stream
signal, e.g. to avoid power leaking into the restricted short wave bands a guard range is applied. FIG. 5 shows a
corresponding exemplary channel layout. In this example, up to four channels may be provided in parallel per selectable
carrier wave frequency, in an easily implementable scheme as will be described hereinbelow.

[0056] Forexample, up to four channels may be assigned to a single serial bit stream, e.g. one individual LIN bus, for
redundancy. Thus, with this exemplary channel layout, 15 LIN buses can operate in parallel. In the table below, the
corresponding channel assignment is shown. The corresponding channels between low and high band may be separated
by 4.5 MHz while the separation between the two channels in the same band is 1.5 MHz. In this way the available
frequency range may be used efficiently while the required hardware can be implemented relatively easy. On the other
hand the large frequency separation provides robustness against notches in the transfer function of the supply bus and
electromagnetic interferences.

BUS No. | Channels Channel frequencies | MHz | f; 5,/ MHz
1 1L, 16L, 1H, 16H 24 | 39 | 69 | 84 25.4
2 2L,17L, 2H, 17H 25 | 40 | 70 | 85 255
3 3L, 18L, 3H, 18H 26 | 441 71 | 86 25.6
4 4L, 19L, 4H, 19H 27 | 42 | 72 | 87 257
5 5L, 20L, 5H, 20H 28 | 43 | 73 | 88 25.8
6 6L, 21L, 6H, 21H 29 | 44 | 74 | 89 259
7 7L, 22L, 7H, 22H 30 | 45 | 75 | 9.0 26.0




10

15

20

25

30

35

40

45

50

55

EP 2903 172 A1

(continued)
BUS No. | Channels Channel frequencies | MHz | f; 5,/ MHz
8 8L, 23L, 8H, 23H 31 | 46 | 76 | 91 26.1
9 9L, 24L, 9H, 24H 32 | 47 | 77 | 9.2 26.2
10 10L,25L,10H,25H | 33 | 48 | 7.8 | 9.3 26.3
11 11L,26L,11H,26H | 3.4 | 49 | 79 | 94 26.4
12 12L,27L,12H,27H | 35 | 50 | 80 | 95 26.5
13 13L,28L,13H,28H | 3.6 | 5.1 8.1 9.6 26.6
14 14L,29L,14H,29H | 3.7 | 52 | 82 | 97 26.7
15 15L,30L,15H,30H | 3.8 | 53 | 83 | 9.8 26.8

[0057] The modulator unit5 may be adapted for generating the radio frequency signal such that the frequency spectrum
of each of the at least four spectral sidebands is separated by at least 1 MHz, e.g. by at least 1.5 MHz, from the frequency
spectra of each other spectral sideband of the at least four spectral sidebands.

[0058] A high frequency separation relative to the data rate, and thus the occupied signal bandwidth, in accordance
with embodiments of the present invention may be particularly advantageous in a noisy environment such as encountered
in automotive applications. For example, assuming a NRZ encoding scheme, the signal frequency may be e.g. 20 kHz
(e.g. 20 kbps), while the signal separation may be at least 1 MHz, thus resulting in a frequency separation to data signal
bandwidth factor of e.g. at least 50. For example, known methods for redundant data communication over power supply
lines, e.g. in domestic power net communication, may rely on much lower separation to signal bandwidth factors, e.g.
a factor of 2.5 MHz / 1.25 MHz = 2.

[0059] The local signal port 2 may be adapted for receiving at least two serial bit streams, for example for receiving
at least four serial bit streams, e.g. a number of serial bit streams corresponding to the number of at least four spectral
sidebands may be received via parallel signal lines. The modulator unit 5 may be adapted for encoding each of the at
least two serial bit streams into a corresponding baseband signal. The modulator unit 5 may comprise at least one digital
mixing stage for frequency shifting and combining the base band signals corresponding to the at least two serial bit
streams.

[0060] It is furthermore an advantage of embodiments of the present invention that at least two asynchronous serial
bit streams can be transmitted over the same power supply line. A single node may transmit/receive multiple asynchronous
streams redundantly, and moreover, different nodes can be configured to each transmit/receive at least one stream
redundantly that is asynchronous to other streams transmitted over the power line. Thus, multiple nodes may asynchro-
nously transmit data at the same time. For example, in an exemplary embodiment of the present invention, a plurality
of LIN buses, e.g. 15 LIN buses, can reliably communicate asynchronously over the same power supply line, e.g. each
bus may be configured to use 4 channels out of 60 available channels, for example, in which the 4 channels may have
a predefined frequency separation, e.g. preferably a predefined large frequency separation as discussed hereinabove.
[0061] The transmitter may further comprise a configuration unit 19 for configuring the redundancy level provided by
the transmitter so as to selectively route at least one of the at least two serial bit streams to at least one of the four
spectral sidebands of the carrier wave.

[0062] An efficient three-stage approach for use in a device according to embodiments of the present invention is
shown in FIG. 6. This simple scheme is suitable for synthesizing each individual side-band independently by using
complex signal processing hardware. The communication is redundantly spread over a range of 2(f o,+f| o3). While
these local oscillator frequencies may be fixed, the carrier wave frequency f| o4 may vary on the relevant channel grid.
As in the example discussed hereinabove, this channel grid may have a granularity of 100 kHz. With this approach,
redundant communication channels may be advantageously synthesized. The redundant communication channels may
be spread over a wide frequency range to improve the robustness against EM interference. Also, multiple independent
and asynchronous bit streams, e.g. for a plurality of LIN buses, may be carried using the same frequency band on the
same wire harness. Furthermore, it is possible to choose and adapt the level of redundancy to the actual requirements,
e.g. depending on the implementation, any configuration between having four redundant channels and having four
completely independent channels without redundancy can be selected using the same hardware.

[0063] A transmitter 1 according to an exemplary embodiment of the present invention is illustrated in FIG. 7, corre-
sponding to a conversion scheme for an AM modulated baseband. The radio frequency signal is generated by the
modulator unit 5 using three frequency conversion steps, illustrated in FIG. 6. This allows assigning up to four channels
for a serial bit stream, e.g. each independent LIN bus. The frequency separation between the two corresponding channels
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CHxL and CHxH between low and high band is 2f  5,. The modulator unit 5 receives the serial bit stream from a local
signal port 2. The modulator unit 5 may comprise an AM signal conditioner 11 for encoding the serial bit stream into an
AM modulated baseband signal. The first conversion step may be done by mixing the baseband signal with a local
oscillator LO3, e.g. the modulator unit 5 may comprise a first mixer, e.g. an electronic frequency mixer, and a first local
oscillator LO3 for generating an intermediate output signal 13 comprising two heterodynes of the baseband signal. The
local oscillator LO3 may generate an oscillatory signal, e.g. a cosine wave such as cos(o; o5t), where t indicates time
and a; o3 = 2nf o3 the angular frequency of the wave. As a result, the baseband spectrum is shifted to -f, o3 and f| 5.
The input signal 12 and output signal 13 of the local oscillator LO3 mixing step are also illustrated in FIG. 7. In a second
conversion step, the generated first mixing products are further multiplied, e.g. by a second mixer, with an oscillation
generated by a second local oscillator LO2 of frequency f| o, to establish a negative and a positive side-band wherein
the corresponding channels are separated by 2f 5,. The second local oscillator LO2 may generate an oscillatory signal,
e.g. acosine wave such as cos(o, p,t) having an angular frequency o, o, = 2nf; o,. Consequently four side-bands around
the direct current component (DC) will be generated as illustrated by the output signal 14 of the local oscillator LO2
mixing step. It should be noted that reference is made herein to the mathematical frequency spectra, which contain
positive and negative components of the same frequency, in order to illustrate the effects of the frequency conversion
scheme.

[0064] In athird conversion step, the radio frequency signal is generated by mixing the generated redundant channels
with a carrier wave so as to redundantly convey the at least one baseband signal in at least four spectral sidebands of
the carrier wave. The generated redundant channels in the intermediate output signal 14 are converted to the corre-
sponding sideband frequencies illustrated by the radio frequency signal 15 by mixing with the local oscillator LO1, having
a frequency f| o4 which can be selected to address the individual channel frequencies as discussed hereinabove. The
local oscillator LO1 may generate an oscillatory signal, e.g. a cosine wave such as cos( @, o4f) having an angular frequency
o, o1 = 271, o4. For example, the modulator unit 5 may comprise a phase locked loop (PLL) synthesizer for providing the
carrier wave, e.g. the local oscillator LO1 may be derived from a PLL synthesizer. The PLL synthesizer may have a
minimum granularity equal to the channel separation, e.g. 100 kHz in the example discussed hereinabove.

[0065] It shall be clear to the person skilled in the art that the modulator unit 5, in this exemplary embodiment or other
embodiments, may comprise at least one further local oscillator LO4, .., LOn in order to redundantly convey the at least
one baseband signal in respectively 2¢4-1), ..., 2(0-1) spectral sidebands of the carrier wave.

[0066] In embodiments of the present invention the up-conversion may be performed in the digital domain, e.g. in the
LO2 domain with a sampling speed of fg,=4f 4, and in the LO3 domain with a sampling speed of fg3=4f 5. With the
over-sampling of the local oscillator frequency by four, a sinusoidal waveform of the local oscillator may be reduced to
a sequence of [0 1 0 -1] which can simplify the hardware and therefore the conversion effort. However, the final up-
conversion stage, in the LO1 domain, may be performed in the analog domain in order to avoid or reduce the spurious
leakage and power consumption. This is illustrated by the digital-to-analog converter 16 for converting the digital signal
provided by the LO2 mixing step to the analog domain.

[0067] A transmitter 1 according to another exemplary embodiment of the present invention is illustrated in FIG. 8,
corresponding to a conversion scheme for a FSK modulated baseband. The transmitter illustrated in FIG.7 may be well
suited for amplitude modulated AM signals, since the sidebands contain exactly the same information, thus a mirrored
spectrum component can superimpose a non-mirrored component. However, this is not generally applicable. For ex-
ample, the modulator unit 5 may comprise a signal baseband encoder 17, e.g. which may differ from the AM signal
conditioner 11 in FIG. 7, for encoding the serial bit stream into the baseband signal, e.g. an FSK modulated baseband
signal, so that negative and positive spectrum components need to be distinguished. The signal chain shown in FIG. 8
may be implemented in an orthogonal way, e.g. by separate | and Q paths. The digital-to-analog converter 16 may be
adapted for converting the | and Q digital signals provided by the LO2 mixing step to the analog domain, e.g. the DAC
16 may be an I/Q DAC. The local oscillator LO3 may generate an oscillatory signal, e.g. a cosine wave such as cos(®; ost),
where t indicates time and o, o3 = 27f, o3 the angular frequency of the wave. The local oscillator LO2 may generate an
oscillatory signal, e.g. a cosine wave such as cos(w; oof) having an angular frequency o, o, = 2nf; ».

[0068] The final up-conversion may be performed by using a quadrature up-conversion mixer which is converting the

intermediate input signal by means of aone-sided local oscillator LO 4, signal, e.g. gjmm. £ having an angular frequency

) o1 = 2nf 1. The resulting 1/Q signal may then be merged by e.g. a Poly-Phase Filter (PPF) 18 which suppresses the
mirrored spectrum components before merging. If the conversion by LO1p is done in analog domain, e.g. for achieving

alow power consumption, the output of LO1p may also contain residual g 19L0s ¢ components caused by imperfections

in the local oscillation generation and in the mixing due to operation in the analog domain. As a result, a residual negative
frequency component can remain, which however can be sufficiently small to be well below the level of the positive
component reduced by the necessary Signal-to-Noise Ratio (SNR).
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[0069] The synthesis of a single-side local oscillator LO signal with fg=4f, 4 in the digital domain advantageously does
not contain any residual on the oppositely signed spectrum side, because the required sine and cosine components of
the LO can be generated ideally as mentioned hereinabove. Thus, more channels can be encoded with less redundancy,
depending on system requirements. FIG. 9 shows two independent information sources, e.g. the local signal port 2 is
adapted for receiving a plurality of serial bit streams in parallel, e.g. two serial bit stream input signals A and B, which
are used to compile a pair of channels which still have one redundant channel each. Therefore, the first mixing step may
be split along two paths, corresponding to the two input signals A and B, in which each signal is mixed with a signal
provided by a corresponding one-sided local oscillator LO3n, LO3p, e.g. respectively providing a signal e72L03t and
e/oLo3t, The mixed signals provided by these two paths may then be combined, e.g. added, and provided as input to the
second mixing stage. This flexibility can be further extended so that for each of the four channels an independent
information source A,B,C,D can be applied as shown in FIG. 10. In the exemplary embodiment illustrated in FIG. 10,
each pair of signals (A,B) and (C,D) is mixed independently with the signal provided by the local oscillators LO3n and
LO3p, similar to described hereinabove in relation to FIG. 9. For each pair of signals (A,B) and (C,D) a combined
intermediate outputis provided by the first mixing stage. Thus, also the second mixing step may be split along two paths,
corresponding to the two input signal pairs (A,B) and (C,D), in which each intermediate output of the first mixing stage
is mixed with a signal provided by a corresponding one-sided local oscillator LO2n, LO2p, e.g. respectively providing a
signal eJeLo2t and e/@L02t, The mixed signals provided by these two paths may then be combined, e.g. added, and
provided as input to the third mixing stage. However, even in the exemplary embodiment illustrated in FIG. 10, the
modulator unit 5 is still adapted for mixing the baseband signal with a carrier wave so as to redundantly convey the at
least one baseband signal in at least four spectral sidebands of the carrier wave, since the same serial bit stream can
be easily provided to two, three or four of the inputs. This can for example be achieved by splitting the signal to a plurality
of input connections of the transmitter, or the transmitter may comprise a configuration unit for configuring the channels,
e.g. routing the signal provided via one input connection to a selected plurality of channels. Such configuration unit may
comprise for example dip switches, a flashable memory or a processor adapted for receiving, decoding and effecting a
configuration instruction via a signal line.

[0070] Thus, itis possible to apply the same information to all four channels or even two or three, so that the decision
about what have to be redundant can be taken in the upper hierarchy of the system. The main overhead for this flexibility
is related to the increased number of required interpolation stages. The level of redundancy and number of independent
channels may be advantageously reconfigured depending on the requirements using the same hardware.

[0071] Furthermore, in embodiments of the present invention, e.g. as described hereinabove in relation to FIG. 9 and
FIG. 10, the level of robustness can be advantageously further increased by applying a time delayed copy of the same
signal. In embodiments according to the present invention, the modulator unit 5 may be adapted for shifting the baseband
signal conveyed in at least one of the at least four spectral sidebands over a predetermined time delay 131 relative to
the baseband signal conveyed in at least one other of said at least four spectral sidebands. Furthermore, each spectral
sideband signal may be time shifted relative to each other spectral sideband signal, e.g. over a small integer multiple of
a predetermined time delay. Likewise, in a receiver according to embodiments of the present invention, the demodulator
unit may be adapted for shifting the baseband signal isolated from at least one of said at least four spectral sidebands
over a predetermined time delay relative to the baseband signal isolated from at least one other of said at least four
spectral sidebands, e.g. such as to compensate for the time shift applied by the modulator unit 5 of a corresponding
transmitter according to embodiments.

[0072] Thus, the original bit stream at the receiver end can be reconstructed even if a short burst of interference 132
over a broad bandwidth occurs. Even though a short broadband interferer 132 may disturb all redundantly conveyed
signals in the at least four spectral sidebands, a reconstruction of the signal at the receiving end may still be possible.
Such interference could for example deteriorate the received signal at a specific instant in time in all redundantly trans-
mitted channels, e.g. in four baseband signal copies in four spectral sidebands 133 transmitted over an automotive
supply line 134, as shown in FIG. 13. If a delay is introduced in at least one of the transmitted redundant copies, the
signal can be reconstructed by e.g. majority voting after re-timing because the delay time is known. For example, the
received sidebands 135, shown at the receiver end after retiming, may contain at least one copy of the baseband signal
unaffected by the disturbance, such that the reconstructed signal 136 does not suffer from information loss. The prede-
termined time delay may be selected as function of the duration of typical transient disturbances in the application at
hand and the tolerance for near real time data transmission, e.g. an acceptable delay for data processing and control
purposes may be selected that exceeds a typical duration of a transient broadband disturbance. For example, the
predetermined time delay may be selected to integer multiples of the bit time, e.g. to at least 25us in case of a 20 kbps
bit stream.

[0073] Embodiments of the present invention also relate to a receiver 6 for receiving data transmitted over the power
supply line, e.g. as also schematically shown in FIG. 1. The receiver 6 comprises a local signal port 7 for transmitting
at least one serial bit stream, a power line connection port 8 for receiving the radio frequency signal conducted over the
power supply line 4 and a demodulator unit 9 for processing the radio frequency signal. The demodulator unit 9 is adapted
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for detecting at least four spectral sidebands of a carrier wave in the radio frequency signal, isolating a baseband signal
from the at least four spectral sidebands, e.g. four spectral sidebands of the carrier wave redundantly conveying the
baseband signal and decoding the baseband signal into the serial bit stream.

[0074] The local signal port 7 may be adapted for transmitting at least one serial bit stream to an automotive sensor,
an automotive actuator or an automotive high-level controller, e.g. a LIN bus master device. The power line connection
port 8 may be adapted for receiving the radio frequency signal over an automotive power supply line. The local signal
port 7 may comprise a local interconnect network bus connection for connecting to at least one local LIN-compatible
device.

[0075] In a receiver according to embodiments of the present invention, the demodulator unit 9 may be furthermore
adapted for decoding the serial bit stream using AM, FM, QPSK, FSK, MSK, ASK or a combination of such techniques.
[0076] The demodulator unit 9 may be adapted for detecting the at least four spectral sidebands of the carrier wave
in the radio frequency signal, in which the carrier wave has a predetermined frequency in the range of 22 MHz to 30 MHz.
[0077] The demodulator unit 9 may be adapted for isolating a baseband signal from the at least four spectral sidebands
of the carrier wave such that the frequency spectrum of each of the at least four spectral sidebands is separated by at
least 1 MHz from the frequency spectra of each other spectral sideband of the at least four spectral sidebands.

[0078] The local signal port 7 may be adapted for transmitting at least two serial bit streams, and the demodulator unit
9 may be adapted for decoding each of said at least two serial bit streams into a corresponding baseband signal. The
demodulator unit 9 may comprise at least one digital mixing stage for frequency shifting and combining said base band
signals corresponding to the at least two serial bit streams.

[0079] The receiver may further comprise a configuration unit 19 for configuring the redundancy level provided by the
receiver so as to selectively route at least one of the at least four spectral sidebands of the carrier wave to at least one
of the at least two serial bit streams.

[0080] Despite the level of redundancy, each spectral sideband is preferably downconverted independently. Further-
more, in order to overcome any non-ideality in the downconversion process, the demodulation may be performed entirely
in the digital domain. A direct conversion of the wanted band to the digital domain may be easily achievable for the
frequency ranges mentioned above in relation to the receiver 1 according to embodiments of the present invention.
[0081] The demodulator unit 9 is adapted for detecting at least four spectral sidebands of the carrier wave in the radio
frequency signal, e.g. a carrier wave having a frequency corresponding to the carrier wave frequency of a corresponding
transmitter 1 according to embodiments transmitting on the power line 4. Referring to FIG. 11, the power line connection
port 8 may be connected to an analog front end (AFE) 21. Such AFE may be adapted for performing common analog
signal processing tasks such as a band-pass filtering and/or amplification, as will be clear to the person skilled in the
art. The demodulation unit 9 may comprise an analog to digital converter (ADC) 22, e.g. a band-pass ADC (BP-ADC).
Detection of the at least four spectral sidebands of the carrier wave may for example be advantageously carried out by
the ADC at a sampling rate of 4 f, 54, in which the frequency f| o4 corresponds to the carrier frequency of a corresponding

transmitter, e.g. selected in the range of 25.4 MHz to 26.8 MHz, e.g. from a plurality of selectable frequencies in this

range separated by a tuning grain of 100 kHz. A local oscillator LO1n may generate a one-sided oscillation e-jmmi £ )

which translates the low band around -f_ o, and the high band around f| o,. Like the local oscillators in the transmitter 1
according to embodiments, all the mixing stages in the receiver 6 may also operate with a sampled rate of four times
the local oscillator frequency such that the sinusoidal waveform of the related local oscillation is reduced to a sequence
of [0 1 0 -1], which may advantageously simplify the hardware. Starting from the output of the local oscillator LO1n, the
signal path may be split into two branches: one where the conversion is done by LO2p, e.g. providing a signal e/Lo2t,
for converting the low band to *f; 5, around DC and the other in which LO2n, e.g. providing a signal ed©L0!, converts
the high band to *f; o, around DC. The frequency f, 5, may for example be 2.25 MHz. This is shown in FIG. 11. After
proper filtering and rate adaption, each of the two branches may be split again in two branches to isolate each individual
channel. Likewise this may be done with LO3N, e.g. providing a signal e72L03t, and LO3p, e.g. providing a signal e7@L0d!,
Thefrequency f 53 may for example be 750 kHz. The four resulting channels may be further processed by rate decimation,
filtering and discrimination, e.g. conversion of a signal having a predetermined bit width to a digital O or 1 signal repre-
sentation, before the final signal is provided via the local signal port 7. The receiver may also comprise a configuration
unit for selecting the redundant sideband channels encoding the same information stream, and the receiver may fur-
thermore adapted to apply an aggregation of the streams derived from the sidebands, e.g. by averaging or another error
correction scheme, e.g. a winner-takes-all assignment of bit values to the bit value of the channel presenting the strongest
output or a digital majority vote assignment of bit value.

[0082] Embodiments of the present invention also relate to a modem 25, e.g. a modulator/demodulator device, for
transmitting and receiving data over a power supply line, wherein the modem comprises a transmitter 1 according to
embodiments of the present invention, and the modem comprises a receiver 6 according to embodiments of the present
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invention. Thus, a modem 25 according to embodiments comprises a local signal port 2 for receiving a serial bit stream
and a local signal port 7 for transmitting a serial bit stream, e.g. the modem 25 may comprise a bidirectional local signal
port for receiving and transmitting a serial bit stream. The modem 25 further comprises a power line connection port 3
for transmitting a radio frequency signal over a power supply line and a power line connection port 8 for receiving a radio
frequency signal conducted over the power supply line, e.g. the modem 25 may comprise a power line connection port
for transmitting and receiving a radio frequency signal via the a power supply line. The modem 25 comprises a modulator
unit 5 for emitting a radio frequency signal to be transmitted and a demodulator unit 9 for processing a received radio
frequency signal. It shall be clear to the person skilled in the art that the modulator unit 5 and the demodulator unit 9
may be substantially separate circuits, or may be integrated, e.g. both the modulator and the demodulator may comprise
local oscillators, e.g. crystal oscillators, tuned to the same frequency, such that corresponding oscillating signals for the
modulator and the demodulator may be derived from a shared physical local oscillator. Other components, such as an
electronic mixer, e.g. a digital multiplier, an analog filter stage or a configuration unit may also be shared between the
modulator portion and the demodulator portion of the device.

[0083] The presentinvention further relates to a method for transferring data over a power supply line. FIG. 12 illustrates
such an exemplary method 30 according embodiments of the invention.

[0084] The method comprises encoding 31 an input serial bit stream into a baseband signal, generating 32 a radio
frequency signal by mixing the baseband signal with a carrier wave so as to redundantly convey the at least one baseband
signal in at least four spectral sidebands of the carrier wave and transmitting 33 the radio frequency signal over a power
supply line. The steps of encoding 31, generating 32 and transmitting 33 may be carried out by a transmitter 1 according
to embodiments of the present invention, and further details relating to these steps may be described hereinabove in
relation to such transmitter.

[0085] The method further comprises receiving 34 the radio frequency signal conducted over the power supply line,
detecting 35 at least four spectral sidebands of the carrier wave in the radio frequency signal, isolating 36 the baseband
signal from the at least four spectral sidebands of the carrier wave and decoding 37 the baseband signal into an output
serial bit stream. The steps of receiving 34, detecting 35, isolating 36 and decoding 37 may be carried out by a receiver
6 according to embodiments of the present invention, and further details relating to these steps may be described
hereinabove in relation to such receiver.

[0086] The method 30 may comprise transferring data corresponding to a plurality of logical LIN buses isolated in
different carrier frequency components transmitted over the power supply line. For example the steps of encoding 31,
generating 32, transmitting 33, receiving 34, detecting 35, isolating 36 and decoding 37 may be performed for a first
input bit stream and a first output bit stream corresponding to communication over a first logical LIN bus with a first
carrier wave having a first frequency and these steps may be independently, e.g. simultaneously, performed for a second
input bit stream and a second output bit stream corresponding to communication over a second logical LIN bus with a
second carrier wave having a second frequency different from the first frequency.

[0087] As already mentioned hereinabove, at least two asynchronous serial bit streams can thus be advantageously
transmitted over the same power supply line. For example, in an exemplary embodiment of the present invention, a
plurality of LIN buses, e.g. 15 LIN buses, can reliably communicate asynchronously over the same power supply line,
e.g. each bus may be configured to use 4 channels out of 60 available channels, for example, in which the 4 channels
may have a predefined frequency separation, e.g. preferably a predefined large frequency separation.

[0088] In a method 30 according to embodiments, the input serial bit stream and the output serial bit stream may be
LIN-compatible data streams.

[0089] In a method 30 according to embodiments, encoding 31 of the input serial bit stream and decoding 37 of the
baseband signal into the output serial bit stream may comprise encoding and decoding these streams using AM, FM,
QPSK, FSK, MSK, ASK or a combination of such techniques.

[0090] Ina method 30 according to embodiments, generating 32 of the radio frequency signal and detecting 35 of the
carrier wave may comprise respectively generating and detecting the carrier wave having a predetermined frequency
in the range of 22 MHz to 30 MHz.

Claims

1. A transmitter (1) for transmitting data over an automotive power supply line, the transmitter comprising:
a local signal port (2) for receiving a serial bit stream,
a power line connection port (3) for transmitting a radio frequency signal over an automotive power supply line
(4), and

a modulator unit (5) for emitting said radio frequency signal, wherein the modulator unit (5) is adapted for
encoding said serial bit stream into a baseband signal and generating the radio frequency signal by mixing said
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baseband signal with a carrier wave so as to redundantly convey the baseband signal in at least four spectral
sidebands of the carrier wave.

The transmitter according to claim 1, wherein the local signal port (2) comprises a local interconnect network bus
connection for connecting to at least one local LIN-compatible device.

The transmitter according to any of the previous claims, wherein the modulator unit (5) is adapted for generating
the carrier wave, in which the carrier wave has a predetermined frequency in the range of 22 MHz to 30 MHz.

The transmitter according to any of the previous claims, wherein the modulator unit (5) is furthermore adapted for
generating the radio frequency signal such that the frequency spectrum of each of said atleast four spectral sidebands
is separated by at least 1 MHz from the frequency spectra of each other spectral sideband of said at least four
spectral sidebands.

The transmitter according to any of the previous claims, wherein the modulator unit (5) is adapted for shifting the
baseband signal conveyed in at least one of said at least four spectral sidebands over a predetermined time delay
relative to the baseband signal conveyed in at least one other of said at least four spectral sidebands.

The transmitter according to any of the previous claims, wherein the local signal port (2) is adapted for receiving at
least two serial bit streams, and the modulator unit (5) is adapted for encoding each of said at least two serial bit
streams into a corresponding baseband signal.

The transmitter according to claim 6, wherein the modulator unit (5) comprises at least one digital mixing stage for
frequency shifting and combining said base band signals corresponding to the at least two serial bit streams.

The transmitter according to any of claim 6 or claim 7, further comprising a configuration unit (19) for configuring
the redundancy level provided by the transmitter so as to selectively route at least one of the at least two serial bit
streams to at least one of the at least four spectral sidebands of the carrier wave.

A receiver (6) for receiving data transmitted over an automotive power supply line, the receiver comprising:

a local signal port (7) for transmitting a serial bit stream,

apower line connection port (8) for receiving a radio frequency signal conducted over a power supply line (4), and
a demodulator unit (9) for processing said radio frequency signal, wherein the demodulator unit (9) is adapted
for detecting atleast four spectral sidebands of a carrier wave in said radio frequency signal, isolating a baseband
signal from the at least four spectral sidebands of said carrier wave redundantly conveying said baseband
signal, and decoding the baseband signal into the serial bit stream.

A modem for transmitting and receiving data over an automotive power supply line, the modem comprising a trans-
mitter (1) according to any of claims 1 to 9 and a receiver (6) according to claim 10.

A method (30) for transferring data over an automotive power supply line, the method comprising :

- encoding (31) an input serial bit stream into a baseband signal,

- generating (32) aradio frequency signal by mixing said baseband signal with a carrier wave so as to redundantly
convey the at least one baseband signal in at least four spectral sidebands of the carrier wave,

- transmitting (33) said radio frequency signal over a power supply line,

- receiving (34) the radio frequency signal conducted over the power supply line,

- detecting (35) said at least four spectral sidebands of the carrier wave in said radio frequency signal,

- isolating (36) the baseband signal from the at least four spectral sidebands of the carrier wave, and

- decoding (37) the baseband signal into an output serial bit stream.

The method according to claim 11, comprising transferring data corresponding to a plurality of logical LIN buses
isolated in different carrier frequency components transmitted over the power supply line.

The method according to claim 11 or claim 12, wherein encoding (31) the input serial bit stream comprises encoding
a LIN-compatible data stream.
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14. The method according to any of claims 11 to 13, wherein decoding (37) the baseband signal into an output serial
bit stream comprises decoding the baseband signal into a LIN-compatible data stream.

15. The method according to any of claims 11 to 14, wherein the generating (32) of the radio frequency signal and the
detecting (35) at least four spectral sidebands of the carrier wave comprise respectively generating and detecting
the at least four spectral sidebands of the carrier wave having a predetermined frequency in the range of 22 MHz
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to 30 MHz.
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